Current research is based on the identification of novel inhibitors of α-amylase enzyme. For that purpose, new hybrid molecules of hydrazinyl thiazole substituted chromones 5-27 were synthesized by multi-step reaction and fully characterized by various spectroscopic techniques such as EI-MS, HREI-MS, 1 H-NMR and 13 C-NMR. Stereochemistry of the iminic bond was confirmed by NOESY analysis of a representative molecule. All compounds 5-27 along with their intervening intermediates 1-4, were screened for in vitro α-amylase inhibitory, DPPH and ABTS radical scavenging activities. All compounds showed good inhibition potential in the range of IC 50 = 2.186-3.405 µM as compared to standard acarbose having IC 50 value of 1.9 ± 0.07 µM. It is worth mentioning that compounds were also demonstrated good DPPH (IC 50 = 0.09-2.233 µM) and ABTS (IC 50 = 0.584-3.738 µM) radical scavenging activities as compared to standard ascorbic acid having IC 50 = 0.33 ± 0.18 µM for DPPH and IC 50 = 0.53 ± 0.3 µM for ABTS radical scavenging activities. In addition to that cytotoxicity of the compounds were checked on NIH-3T3 mouse fibroblast cell line and found to be non-toxic. In silico studies were performed to rationalize the binding mode of compounds (ligands) with the active site of α-amylase enzyme.
1
. Insulin is a peptide hormone which is responsible to reduce gluconeogenesis, increases the glucose consumption, and drops the blood glucose level 2 . However, failure in insulin secretion or disturbance in insulin sensitivity give rise to uncontrolled blood glucose levels (hyperglycemia) and ultimately results in DM. In addition to that continuous complications of DM further brings out to neuropathy, nephropathy, retinopathy, microangiopathy as well as cardiovascular diseases 1 . Treatment of type-II DM includes a number of therapeutic approaches such as stimulation of the endogenous insulin secretion, reduction of insulin's demand, and inhibition of carbohydrate degradation 3 . One of therapeutic strategies is to reduce the post-prandial glucose levels by retarding the absorption of glucose. This could possibly be done by the inhibition of enzymes, α-glucosidase and α-amylase, those are responsible to hydrolyze oligosaccharides and disaccharides into monosaccharides 1, [4] [5] [6] . The α-amylase (α-1,4-glucan-4-glucanohydrolases; E.C. 3.2.1.1) is one of the main enzyme secreted by the pancreas (about 5-6%) and salivary glands, and shows a significant role in digestion or breakdown of starch and glycogen and usually found in microbes, plants, and higher organisms 7, 8 . Inhibitors of α-amylase enzyme such as acarbose, function by delaying the carbohydrate digestion and cause a decreased rate of glucose absorption and accordingly diminishing the postprandial plasma glucose level 9, 10 . However, adverse effects are also associated such as abdominal discomfort, meteorism, flatulence, and diarrhea which lead to discontinuation of therapy 1 . Some natural products such as flavonoids and phenolic compounds has been identified as α-amylase inhibitors 1, [11] [12] [13] . However, the synthetic inhibitors are rarely discovered. There is an urgent need for the discovery of novel therapeutic agents for the management of type-II diabetes mellitus.
Chromone or 4H-chromen-4-one is a naturally occurring heterocycle based on benzopyrone scaffold and widely distributed in nature mainly in plants. It is also the core fragment of several flavonoids e.g. flavones and isoflavones. Chromone derived compounds have a wide-range of biological activities such as antioxidant, antihypertensive, antiinflammatory, anticancer, antifungal, antibacterial, antiviral, antimutagenic, and phytotoxic activities 14 . Chromones have also been reported to possess lipoxygenase, thymidine phosphorylase, cyclooxygenase, tyrosine and protein kinase inhibitory activities [15] [16] [17] [18] [19] . Similarly, heterocyclic ring thiazole has also reported to be the main part of countless medicinally important molecules due to its notable biological activities 20, 21 . A number of reports available on hybrid scaffolds based on thiazole linked with chromone scaffold with some biological potentials [22] [23] [24] [25] . Nevertheless, there is no report available on this hybrid class for their α-amylase inhibitory activity. Our research group has identified many lead scaffolds having antiglycation and α-glucosidase inhibitory activities (Fig. 1) , as a possible treatment for diabetic management [26] [27] [28] [29] [30] [31] . We have also reported 3-thiazolyl coumarin as potent inhibitors of α-glucosidase enzyme 32 . It is worth-mentioning that newly synthesized compounds have close structural resemblance with the 3-thiazolyl coumarins (Fig. 2) , so that we decided to explore the new hybrid hydrazinyl thiazole substituted chromones 5-27 along with the intervening intermediates for α-amylase inhibitory activity in order to identify novel inhibitors. Furthermore, by keeping in mind that excess free radical formation is also associated with the diabetic patients, so that synthetic analogs were also evaluated for their radical scavenging activities (DPPH and ABTS). To the best of our knowledge, except compounds 1-5 [33] [34] [35] [36] all compounds are new. 
Results and Discussion
Chemistry. New hybrid hydrazinyl thiazole substituted chromones 5-27 were synthesized by multi-step reaction. First, chromone-3-carbaldehyde 1 and 6-methylchromone-3-carbaldehyde 2 were synthesized by reacting 2-hydroxy acetophenone and 5-methyl-2-hydroxy acetophenone with the dimethyl formamide (DMF) in the presence of phosphoryl chloride (POCl 3 ) 14 . In the next step, chromone-3-carbaldehyde derivatives (1 and 2) were condensed with thiosemicarbazide in ethanol to afford their corresponding thiosemicarbazone derivatives (3 and 4), in the presence of glacial acetic acid. These thiosemicarbazone derivatives (3 and 4) were reacted with different phenacyl bromides which underwent a cyclization reaction in the presence of triethylamine 32 resulting in the formation of desired products (Fig. 3) . Reaction progress was checked by periodic thin layer chromatography (TLC). Chemical structures of compounds 1-27 were elucidated by using spectroscopic techniques such as EI-MS, HREI-MS, 1 H-NMR and 13 C-NMR. To confirm the stereochemical assignment of iminic double bond, NOESY (nuclear overhauser enhancement spectroscopy) was performed on a representative derivative 7. Many interactions were observed in the NOESY spectrum, some of them confirmed the (Z) stereochemistry of the iminic double bond. Strong NOESY interaction between the NH proton and CH-2 of chromone ring was observed which can only be observed in case of Z-isomer. Similarly, absence of NOESY interaction between the NH and H-C = N protons further confirms the Z-stereochemistry of resulting isomer (Fig. 4) . Other interactions such as strong interactions of H-5ʹ with H-2ʹʹ/H-6ʹʹ and H-3ʹʹ/H-5ʹʹ as well as weak interactions of iminic proton with H-5 and H-8 were also observed. In vitro biological activities. All hybrid hydrazinyl thiazole substituted chromones 5-27 along with the intervening intermediates 1-4 were evaluated to check their α-amylase inhibitory [37] [38] [39] , DPPH [40] [41] [42] and ABTS 43 radical scavenging, and cytotoxic 44 activities. Results depicted in Table 1 showed that all compounds displayed comparable α-amylase inhibitory activities in the range of IC 50 = 2.186 ± 0.03-3.405 ± 0.21 µM as compared to standard acarbose IC 50 = 1.9 ± 0.07 µM. All analogs were also showed good DPPH and ABTS radical scavenging activities in the ranges of IC 50 = 0.09 ± 0.17-2.233 ± 0.6 µM and IC 50 = 0.584 ± 0.07-3.738 ± 0.6 µM, respectively, as compared to standard ascorbic acid (IC 50 = 0.33 ± 0.18 µM and IC 50 = 0.53 ± 0.3 µM, respectively). It is worth-mentioning that all compounds were found to be non-toxic when tested on NIH-3T3 mouse fibroblast cell line by using the standard MTT colorimetric assay 44 . Structure-activity relationship (SAR) for α-amylase inhibitory activity. Synthetic molecules possess very unique structural features (Fig. 2) and these features or pharmacophores are cordially playing their role in exhibiting α-amylase inhibition. However, the difference in the inhibitory activity is attributed by the varying features or groups present at aromatic rings i.e. R 1 and R 2 . Figure 6 revealed that intervening intermediates 1 and 2 showed similar but two fold less α-amylase inhibition as compared to standard acarbose. However, thiosemicarbazone intermediate 4 with methyl substitution on chromone found to be better active than intermediate 3 which shows that the methyl substitution is influencing the binding interactions of compound with the active site of enzyme. The influence of methyl group is seemingly persists after the thiazole ring formation. Compound 5 with unsubstituted phenyl ring (R 2 ) showed inhibitory activity comparable to standard. Incorporation of methyl group as R 1 in compound 16 leads to slight decreased α-amylase inhibition potential. Compounds 6, 17, and 18, having phenol as R 2 , showed decreased α-amylase inhibition as compared to the unsubstituted analogs 5 and 16.
Mass Spectrometry. Low resolution EI-MS of compound
Comparison of inhibitory activity of compound 6 with closely related compounds 17 and 18 revealed that incorporation of methyl group leads to increased activity. Amongst the halogens (Br and Cl) containing compounds, derivatives 7 and 8 with 4ʹʹ-bromo and 3ʹʹ-bromo phenyl group as R 2 , respectively, showed good and comparable α-amylase inhibition. However, analogs 20 and 19 with an additional methyl group as R 1 , showed increased activity. In case of mono-chlorinated derivatives, 6-methyl substituted compounds 23 and 24 having 4ʹʹ-chloro and 3ʹʹ-chloro substitutions on phenyl ring (R 2 ), respectively, showed almost similar α-amylase inhibitory activity. Structurally similar analogs without methyl group as R 1 , i.e. 11 and 12 displayed slight decreased activities than 23 and 24. Dichloro substituted derivatives 9, 10, 21, and 22 were found to be more active than mono chloro substituted analogs which confirmed that chloro groups are actively participating in the activity. Amongst the 3ʹʹ-nitro substituted derivatives, compound 25 with methyl substitution as R 1 , demonstrated better α-amylase inhibitory activity as compared to compound 13. In case of 4ʹʹ-cyano substituted anlogs 14 and 26, both compounds showed almost similar activities which showed that presence of methyl group in compound 26 didn't really make any difference in the activity. Compounds 15 and 27 having biphenyl ring as R 2 , also showed good activities. Amongst them compound 27 with methyl substitutions as R 2 , showed superior activity as compared to compound 15 which lacks the methyl group (Fig. 6 ).
Structure-activity relationship (SAR) for DPPH and ABTS radical scavenging activities.
Variation in the DPPH and ABTS radical scavenging activities are resulted of varying structural features of compounds such as R 1 and R 2 . Figure 7 depicts that the intervening intermediates 1 and 2 showed similar DPPH radical scavenging activities, however, compound 2 with methyl group as R 1 showed better ABTS radical scavenging potential than compound 1. Similarly, methyl bearing thiosemicarbazone intermediate 4 showed enhanced DPPH and ABTS radical scavenging activities as compared to non-methylated compound 3. In case of thiazole ring containing compounds 5-27, compound 5 with unsubstituted phenyl ring (R 2 ) showed comparable DPPH and ABTS radical scavenging activities to standards. Incorporation of methyl group as R 1 in compound 16 leads to slight decreased DPPH and ABTS radical scavenging activities. Phenol ring (R 2 ) containing compounds 6, 17, and 18, demonstrated diminished DPPH and ABTS radical scavenging activities as compared to the unsubstituted analogs 5 and 16. In case of bromo substituted compounds, compound 7 and 8 with 4ʹʹ-bromo and 3ʹʹ-bromo phenyl group as R 2 , respectively, showed good and comparable DPPH and ABTS radical scavenging activities. However, their structurally similar analogs 19 and 20 with an additional methyl group as R 1 , showed enhanced activities. In case of mono-chlorinated derivatives, 4-chloro substituted derivative 23 showed better DPPH and ABTS radical scavenging activities as compared to 3-chloro substituted analog 24. Nonetheless, their non-methylated structurally similar analogs i.e. 11 and 12 displayed slight decreased activities. Dichloro substituted analogs 9, 10, 21, and 22 were showed superior activities than mono chloro substituted analogs. 4ʹʹ-Cyano (Fig. 7) .
Limited structure-activity relationship suggested that all compounds showed almost closed α-amylase inhibitory, DPPH, and ABTS radical scavenging activities. It indicates that all structural features including R 1 and R 2 are positively contributing in the activities. However, it was noticed that the halogen bearing molecules were found to have better activities than other groups such as OH, CN, NO 2 , and Ph. As well as most of the compounds having methyl group as R 1 were found to be more active than the compounds without methyl substitution. In order to understand the binding interactions of compounds (ligands) with the active site of α-amylase enzyme, molecular modeling study was carried out. 45 was utilized to explore the binding conformations of the compounds within the active site of α-amylase enzyme. The default parameters of MOE-Dock program were used in the docking protocol. At the end of docking experiment, the best conformations on the basis of docking score were analyzed for hydrogen bonding/arene-arene/arene-cation interactions. From the docking calculation study, it was observed that the top-ranked conformations of almost all compounds were well accommodated inside the active site of α-amylase enzyme and were involved in various type of interactions with the active site residues of α-amylase enzyme. i.e., Trp58, Trp59, Tyr62, Leu162, Arg195, Asp197, Glu233, Asp300, Asp356 etc. The detail of the docking scores and interactions for all compounds are collected in Table 2 . Compound 19 exhibited good inhibitory potential with docking score of −9.7919 against α-amylase enzyme. Such lower values indicated good fitness of the compound in the binding pocket of the target enzyme and formation of a stable inhibitor protein complex. Compound 20 also showed good but slightly inferior inhibitory potential as compared to compound 19 with docking score of −8.9694 against α-amylase (Table 2) .
In silico studies. MOE-Dock module implemented in MOE program
Compound 19 has shown good interactions with the active site residues of the receptor protein Asp197, His305 and Asp356 (Fig. 8a) . Asp197 formed strong H-donor interaction with the compound and His305 is involved in a strong H-acceptor bond of E-0.3 Kcal/mol (Table 2) . Asp356 formed H-donor interaction with the -NH group of the ligand while Trp59 formed arene-arene linkage with the thiazole moiety of the compound. Compound 20 formed two H-donor, one H-π and one arene-arene valuable interactions with the enzyme. Asp197 and Asp300 showed H-donor interactions with the compound. Trp59 and His101 formed arene-arene and cation-π contact with the thiazole and benzene moiety of compound (Fig. 8b) . The good inhibitory potency of the compound 19 is due to the different position of the bromine atom as compared to compound 20. Presence of electronegative groups like halogens, observed to be actively participated in the activity and among halogens, Br containing compounds were found superior than Cl.
In case of compounds 21 and 22, it was observed that both compounds have almost similar structure, biological activities and also similar binding interactions with the polar residues. Docking conformation of compound 21 showed that it was making two H-donor, two cation-π and one arene-arene contacts with the active residues of the enzyme (Fig. 8c ). Compound 22 formed four H-donor and one π-H interactions with the Tyr62, Asp197, Glu233, Asp356 and Ala198 residues of the enzyme, respectively (Fig. 8d) . The good inhibitory potential of the compound 21 over compound 22 is due to the diverse positions of the halogen group (-Cl).
The compounds having moderate biological activities such as 17 and 18, having similar structure demonstrated almost similar binding pattern as shown in Table 2 and Fig. 8e and f. The more effectiveness of the compound 17 as compared to the compound 18 is due to the electronegative OH group at meta position. Overall a good correlation was observed between the docking study and biological evaluation of active compounds. The correlation graph and the correlation coefficient values are given in Fig. 9 .
Conclusion
New synthetic hybrid molecules of hydrazinyl thiazole substituted chromones 5-27 along with intervening intermediates 1-4 were evaluated for in vitro α-amylase inhibitory, DPPH and ABTS radical scavenging activities. Limited structure-activity relationship revealed that the compounds bearing halogen were found to be more active than the other groups such as OH, CN, NO 2 , and Ph, and compounds with methyl group as R 1 were also Continued found better active than the compounds without methyl substitution. All compounds showed good activities as compared to respective standards and also found to be non-toxic. Current study has identified a whole series of lead molecules which can be used in further advance research in order to obtain a powerful inhibitor for α-amylase enzyme for the development of insulin-independent antidiabetic agents.
Experimental
Materials and Methods. All chemicals were purchased from Sigma-Aldrich, USA. All reagents were of analytical grade and used as received. 1 H and 13 C-NMR experiments were performed on Avance Bruker AM 300, 400, and 500 MHz instruments. Electron impact mass spectrometric (EI-MS and HREI-MS) experiments were carried out on Finnigan MAT-311A (Germany) mass spectrometer. Thin layer chromatography (TLC) was performed on pre-coated silica gel aluminum plates (Kieselgel 60, 254, E. Merck, Germany). TLC chromatograms were visualized under UV light at 254 and 365 nm or by applying iodine vapors. Melting points of the compounds were determined on a Stuart ® SMP10 melting point apparatus and are uncorrected.
General procedure for the synthesis of 3-formyl chromone derivatives 1 and 2. Dry dimethyl formamide (50 mmol) was taken in round-bottomed flask of 250 mL and 50 mmol of POCl 3 was added drop wise into it with constant stirring at room temperature. After the complete addition of POCl 3 , reaction mixture was heated for at least 2 h at 50 °C. Then 2-hydroxy acetophenone/2-hydroxy-5-methyl acetophenone was added into it and further heated for 5 h at 70 °C. Reaction completion was monitored by TLC.
General procedure for the synthesis of thiosemicarbazone derivatives of chromone 3 and 4.
Chromone derivatives 1/2 (1 mmol) and thiosemicarbazide (1 mmol) were taken in 15 mL of ethanol into a 100 mL round-bottommed flask. Then few drops of glacial acetic acid were added into the reaction mixture and refluxed for 2 h. Course of reaction was checked by TLC analysis. Precipitates were appeared in the reaction flask which were collected via filtration, washed with distilled water, and dried in air. Solid products were crystallized from ethyl acetate.
General procedure for the synthesis of hybrid hydrazinyl thiazole chromones 5-27.
Thiosemicarbazone derivative 3/4 (1 mmol) and phenacyl bromide derivative (1 mmol) were taken in 15 mL of ethanol into a 100 mL round-bottommed flask. Triethylamine (1 mmol) was added into the reaction mixture and refluxed for 3 to 4 h. Completion of reaction was checked by TLC analysis. After reaction completion, reaction flask was kept overnight at room temperature. Precipitates were appeared in the reaction flask which were filtered, washed with distilled water, and dried in air. Solid compounds were crystallized from ethyl acetate. 3-((2-(4-(4-Bromophenyl)thiazol-2-yl) 3-((2-(4-(3-Nitrophenyl)thiazol-2-yl) , 1 H, H-5), 8.16 (m, 3 H, H-5′, 4′′, 5′′) , 2 H, H-8, 6′′),7.67 (bd.s, 1 H, H-2 ), 7.56 (t, J 6,5 = J 6,7 = 7.6 Hz, 1 H, H-6); 155.3, 154.2, 150.4, 135.6, 135.4, 134.0, 133.5, 132.8, 132.4, 130.8, 128.9, 127.1, 124.4, 123.1, 118.5, 118.0, 105.2, The IC 50 values, concentration required to inhibit the α-amylase activity by 50% were calculated by a non-linear regression graph plotted between percentage inhibition (x axis) versus concentrations (y axis), using a Graph Pad Prism Software (Version 5).
4-Oxo-4H-chromene-3-carbaldehyde (1).

6-Methyl-4-oxo-4H-chromene-3-carbaldehyde (2).
(Z)-3-((2-(4-(3-Hydroxyphenyl)thiazol-2-yl)hydrazono)methyl)-4H-chromen-4-one (6).
(Z)-
(Z)-3-((2-(4-(3,4-Dichlorophenyl)thiazol-2-yl)hydrazono)methyl)-4H-chromen-4-one (9).
, 7.87 (t, J 7,6 = J 7,8 = 6.8 Hz, 1 H, H-7), 7.72 (d, J 8,7 = J 6′′,5′′ = 8.4 Hz
(Z)-3-((2-(4-(3-Bromophenyl)thiazol-2-yl)hydrazono)methyl)-6-methyl-4H-chromen-4-one (19).
DPPH Free radical scavenging assay. The ability of the sample to scavenge, 2-diphenyl-1-picrylhydrazyl (DPPH) free radicals was evaluated by standard method 40 . The sample solutions were prepared in absolute alcohol, ranging from 0.01 mg/mL to 1 mg/mL. A total of 500 μL of sample was added with 500 µL of 2 µmol DPPH solution. After 20 min of incubation, the samples were placed in the dark at room temperature, the absorbance was taken at 517 nm. 500 µL of prepared DDPH solution and 500 µL of absolute alcohol were used as control. The similar procedure was repeated for ascorbic acid as standard 41, 42 . The percentage inhibition of radical scavenging activity was calculated as illustrated, = − × %Inhibition (Absorbance Absorbance )/Absorbance 100 Control S ample C ontrol ABTS Free radical cation scavenging assay. The (ABTS+) 2,2ʹ-azino-bis(3-ethylbenzothiazolin e-6-sulphonic acid) free radical cation scavenging ability of the compounds was determined by standard method 43 . 7 mM ABTS was dissolved in distilled water and 2.45 mM potassium persulfate was added. The solution was kept in the dark for 12-16 h at room temperature. The sample solutions were prepared in absolute alcohol ranging from 0.01 mg/mL to 1 mg/mL. The samples were added with ABTS solution and incubated for 30 min. The absorbance was taken at 734 nm and the procedure was repeated for ascorbic acid as standard.
The percentage inhibition of radical scavenging activity was calculated as illustrated, MTT Cytotoxicity assay. Cytotoxicity of the newly synthesized compounds on NIH-3T3 fibroblast cells (ATCC, Manassas, USA) was checked by the standard MTT colorimetric assay 44 . Briefly, 100 μL of 5 × 10 4 cells/mL in Dulbecco's modified eagle's medium (DMEM) supplemented with 10% FBS were plated into 96-wells flat bottom plate and incubated overnight at 37 °C in 5% CO 2 . Three different concentrations of test compound (1, 10 and 100 µg/mL) were added to the plate in triplicates and incubated for 48 hrs. 50 µL of 0.5 mg/mL MTT was added to each well and plate was then further incubated for 4 hours. MTT was aspirated and 100 µL of DMSO was then added to each well. The extent of MTT reduction to formazan within cells was calculated by measuring the absorbance at 540 nm, using spectrophotometer (Spectra Max plus, Molecular Devices, CA, USA). The cytotoxic activity was recorded as concentration causing 50% growth inhibition (IC 50 ) for 3T3 cells.
Methodology of in silico study. The 3D structure of α-amylase (PDB ID: 1HNY) was obtained from Protein Data Bank. Water molecules were removed and the 3D protonation of the protein molecule was carried out. Energy of the protein molecule was minimized with the help of energy minimization algorithm implemented in MOE (Molecular Operating Environment) software and the minimized structure was used for docking. The 3D structures of ligands were built using builder tool in MOE (www.chemcomp.com). All the built structures were 3D protonated and were energy minimized. The 3D structure were saved in mdb file format as input file for docking.
